Introduction
Internet technologies enable virtual collaboration and play important roles in knowledge production. Open-source software (OSS) projects (e.g., Linux, Apache, and MySQL), Wikipedia, and collaborative projects based on content-sharing platforms (e.g., Flickr and YouTube) have attracted considerable attention from both business leaders and academic researchers. Mass collaborative projects are not only viable but also sustainable. For example, by the end of 2010, the English language version of Wikipedia had accumulated over 3.5 million articles by more than 34,000 registered editors. Knowledge about the organization of virtual collaboration in Wikipedia and other collaborative platforms is still limited, however [40] . Several studies examine the incentives that motivate contributions to these online public goods, with a focus on OSS projects [29, 30, 31, 36, 44] . Such studies typically take a utilitarian perspective and do not explicitly consider the effects of collaborative relationships. Online public goods provision, however, depends crucially on its editors' mass collaborative efforts, which are characterized by "free user-to-user assistance" [30] . Examining the structure of collaborative relationships organized as a social network is critical to understanding the production of online public goods.
Recently, researchers have started to explore the structural mechanisms through which outcomes of mass collaboration projects are determined [22, 23, 37, 38] . This line of research characterizes the organization of collaborative relationships as networks of actors and discusses the effects of the structural properties of these networks. Most previous studies have been carried out in the context of OSS projects. While open-source software projects require programming expertise and creative content contribution, Wikipedia articles involve mostly informational contributions. The scope of collaborative efforts involved in creating Wikipedia content is much broader than that of a small software development group. The editors who participate in Wikipedia bring expertise of various types. Collaborative efforts in Wikipedia take the forms of content contribution, writing refinement, referencing, identifying new topics, etc. [1] . The editors of an article are collaborators who interact with each other via "talk" pages -wiki-edited pages that are associated with their articles. Their shared goal is to maintain and extend the free online public encyclopedia. The collaboration network in Wikipedia is indispensable to bringing different types of efforts together for the refinement of articles. In spite of its importance, little prior research has studied the effect of collaboration network structure on editors' contribution behavior.
In this study, we extend current research on mass collaboration in the context of online public goods provision by adopting a structural view of the collaboration network. Our basic research question is how the position of a Wikipedia editor in the global collaboration network influences her future contribution behavior. An editor's position in the network refers to those with whom she connects, both directly and indirectly, through other editors. Specifically, we investigate how different aspects of an editor's position in the collaboration network, as reflected by centrality measures, influence her contribution behavior. We study the effects on both the total contribution and the allocation of effort. Although a few studies in the literature investigate the relationship between the total contribution and network centralities based on social capital theory [40] , to our knowledge, the current study is the first to look at the allocation of effort. This extension makes it essential to also look at network positions from the coordination perspective, focusing on the structural determination of cooperation and behavior convergence. To establish the link between network position and contribution behavior, we refer to recent developments in network economics as well as the social role theory. Our major findings are: (a) degree centrality (a focal editor's number of ties as compared to the size of the network) is associated with a content-expert role: when an editor has more collaborators (an increase in degree centrality), she reduces her total contribution and focuses her efforts on articles that she created; (b) closeness centrality (the average distance between the focal user and users in the rest of the network) is associated with a generalist role: when an editor gets closer to others (an increase in closeness centrality), she reduces and diversifies her total contribution; and (c) betweenness centrality (the number of times a focal editor lies on the shortest path between other editors in the network) is associated with a role of a content extender: when an editor becomes more critical in bridging collaborative relationships (an increase in betweenness centrality), she increases her total contribution as well as her focus on the articles she created. This paper adds to the literature on IT-enabled mass collaboration by bringing a structural perspective to collaboration networks on such platforms as Wikipedia. This study's contribution is both confirmatory and exploratory. This paper extends our understanding about the effects of collaboration network structure on individual contribution behavior through the use of network game theory and the network perspective in organization theory. Second, by leveraging panel data collected from Chinese Wikipedia and the blockages of the site from Mainland China, we offer causal empirical evidence of the effects of network position on future contribution behavior. Our empirical analyses not only confirm the theoretical prediction of the relevance of network position in predicting an editor's total contribution and effort allocation, but also establish the differential behavior implications of the various centrality measures.
The rest of the paper is organized as follows. In the next section, we introduce the network perspective, following which we briefly review theories about network games and social roles.
We develop three hypotheses based on these theories. In the next section, we describe our empirical context and the natural experiment. We then introduce our empirical study design and present the results.
Network Perspective -Centrality Measures
A social network consists of a collection of actors and the connections (a certain type of relationship, social ties) between them. 2 In the context of Wikipedia, collaboration ties are established once two editors edit the same page; and the collaboration network is the summation of all editors and collaboration ties. Network methods focus on the patterns and types of ties among actors or subsets of actors as a way to formalize the notion of social roles [41] . Every social decision that individuals make is embedded in the social context that could be represented by a network of connections [20] . A network perspective is critical for understanding the consequences of a network environment within which people and groups are embedded as they interact and engage in productive work. Over the past few decades, we have learned a great deal about what kinds of networks produce desirable outcomes and what situational characteristics shape the possible environments within which people and organizations construct their social networks [26] .
Of all the network concepts, centrality measures are among the most extensively discussed.
Overall, such measures gauge the position of an individual actor in the network [25, 26, 33, 40] and capture the idea of an actor being important, well-connected, or influential within a group of people related to each other.
The social network literature offers a wide variety of conceptualizations of centralities with different focuses. Freeman synthesizes the literature and classifies proposed measures into three categories, namely, degree centrality, closeness centrality, and betweenness centrality [17] . With these basic definitions, the degree centrality of actor i is defined as the number of her (direct) ties, normalized by the size of the network:
. 3 Wasserman and Faust [41] give a detailed introduction to networks.
Here is the number of ties that user i has, and N is the total number of users in the network. If an actor has high degree centrality, she has direct connections to many others in the network and thus is well connected. Normalization with respect to network size enables the centrality measure to represent relative positions and to be comparable across networks. This is especially important for longitudinal network observations where an individual's position changes with both her direct connections and the overall network structure.
Closeness centrality, as suggested by the name, is based on relative closeness or distance. It is defined as the inverse of the average distance between actor i and the other actors in the network:
, where D ij is the shortest distance between i and j. A higher value of closeness centrality indicates that an actor is easily accessible from any part of the network through the network connections. These three centrality measurements are the most prevalent conceptualizations of an actor's centrality, and each one captures a different aspect of an actor being central in the network.
Social network researchers extend centrality measurements in different ways, taking into consideration other structural features of the network, such as whether the tie is directed. Most of these extensions, however, follow the basic intuitions behind the above three measures.
Considering that Wikipedia collaboration focuses on content contribution and page maintenance and puts little emphasis on individual identification, we focus on these three global measurements of individual centrality in this paper.
Relationship between Network Position and Contribution Behavior
Two theoretical perspectives are useful in characterizing the effects of network positions on actors' contribution behaviors.
Network Games
The first perspective is from the economic theory of network games. It is well recognized that economic behaviors are embedded in their social contexts [20, 21] . Traditional microeconomic theories, however, make simplifying assumptions about the structure of social interactions between actors. Only recently have economists begun to include the structure of interpersonal interactions (i.e., social networks) explicitly in their model specifications. A common feature of these emerging models is that interactions are structured in the form of networks. Connections in the network differ among players. Jackson [27] provides a comprehensive introduction to the theory of network games. Of specific relevance to our current study are games where economic agents make choices whose payoffs depend on the choices of their network neighbors. In this case, the network's structure is important because it determines the pattern of externalities that exist in the network.
Relevant to the Wikipedia context, in one study, Ballester et al. [2] develop a model where a player's marginal utility from engaging in an activity depends on the activity levels of others to whom the focal player is connected. For this game, a unique equilibrium exists where an individual's activity level is proportional to her Bonacich centrality in the network. 5 In another study, Bramoullé and Kranton [8] model contributions to public goods where social neighbors' contributions are perfect substitutes. They show that equilibrium contribution behavior is related to the network's maximal independent set, where an independent set refers to a group of users who are not connected to each other. Only those in the maximal independent set will make 5 A social network could be represented by an adjacency matrix with the cell on the ith row and jth column representing the tie between actor i and actor j. Bonacich defines centrality based on the eigenvector of the adjacency matrix. The idea of Bonacich centrality captures the power of an actor and can be seen as an extension of the degree centrality [4] .
positive contributions in equilibrium. The above model assumes that each player has complete knowledge of the network structure. Galeotti et al. [18] propose a general network game in which actors have no information about connections beyond their immediate friends and only know the distribution of individual degrees. Such a Bayesian game has unique pure-strategy equilibrium. A player's equilibrium strategy is increasing in her degree if neighbors' actions are strategic complements and decreasing in her degree if neighbors' actions are strategic substitutes.
In the case of Wikipedia, editors exert efforts to improve the quality of articles (pages). They derive utility from both enjoyment and self-fulfillment [29] . An editor can track the activity of others by examining the history of a page, which is automatically recorded by the system [35] .
Editors thus know who else is also contributing to the article and collaborating. They can also interact through the talk pages. Depending on the article and their personal preferences, efforts from different editors may be complements or substitutes. On the one hand, when efforts from other editors are considered as substitutes, editors have an incentive to free-ride. On the other hand, if editors focus on reciprocal relationships and value social interactions, their contributions will be positively related to others' contributions, generating effort complementarity [39] . Either way, interactions between collaborating editors influence the total contribution as well as the allocation of efforts across different articles. Consequently, contribution behavior in a given situation depends on an editor's position in the collaboration network.
Social Role Theory
The second theoretical perspective is the social role theory, which relates structural positions to role-taking and role-playing behavior. Game theoretical analyses relate network positions to actions taken by individuals through rational optimization and equilibrium models. This line of research reveals the effect of network positions by discussing the fundamental trade-offs that actors face. Any formal analysis, however, requires a high level of abstraction and simplifying assumptions about actors in the network. It unavoidably omits certain psychological processes, such as role-taking and role-playing behavior. Rational economic models should be complemented by the social role theory. In this theory, an individual's action in a given situation is explained by the situation-triggered role (role-taking) and the behaviors associated with the role (role-playing). For example, it has been shown in laboratory experiments that triggering a group identity could alter a game's equilibrium outcome [12] .
Homans [24, p. 11] defines the term role as "the behavior expected of a person occupying a particular social position." "The total role of an individual in a social system has often been described as consisting of sets of relations of various types linking this person as ego to sets of others," as Lorrain and White [32] note. Role also is defined in terms of the pattern of social relationships that form resources and constraints for actions, leading to a set of prototypical behaviors. People adopt a set of roles in different social situations. Different role sets may be triggered depending on the context of social interactions.
Role analysis is one of the most important building blocks of social network theories. Social network analysis extends the role-making literature and tries to explain the commonality in attitudes and practices as results of similarity in network positions, with the latter often conceptualized in terms of centrality measures or other structural equivalents [6] . A network analysis of roles focuses on ties among actors and the regularities in patterns of relations that indicate regularities in roles of actors holding those social positions [15] . That is, actors occupying similar positions in the network behave similarly. The premise behind a network analysis of roles is that behavioral consistency will lead to a certain structural signature that then can be used to infer roles in certain positions. A significant amount of empirical evidence exists showing that positions in social networks predict role-related psychological constructs. For example, researchers report that people taking similar positions in a social network report similar attitudes [5, 9, 13] .
In addition, some recent studies use data collected from online communities to identify roletaking behavior [19, 43] . Identity construction has been shown to be a major element in predicting sustained participation in OSS communities [14] . Gleave et al. [19] , for example, 
Hypotheses
Based on our review of the literature about network economics and social role theory, we have the following hypotheses.
Hypothesis 1 (The Total Contribution Hypothesis): An editor's total contribution is correlated with her centrality measures in the collaboration network.

Hypothesis 2 (The Effort Allocation Hypothesis): An editor's effort allocation is correlated with her centrality measures in the collaboration network.
Hypothesis 3 (The Differential Effect of Centrality Measures Hypothesis): Different centrality measures have differential effects on the total contribution and effort allocation, indicating the presence of different role-taking behaviors.
Hypothesis 1 relates an editor's total contribution to network centrality measures. It is rooted in both game theoretic models as well as the social capital perspective [38, 40] . Hypothesis 2 further relates effort allocation decisions to network positions. Informed by the social role theory, we propose that different centrality measures indicate differential role-taking (acting) behavior, thus they have differential effects on total contribution and effort allocation, which leads to Hypothesis 3. Existing theories provide limited guidance in forming expectations about the directions of these effects. For example, while social capital theory predicts more contributions from editors of high degree centrality, network game theory may suggest the opposite prediction.
Further, an editor's behavior may also be constrained by the social role triggered at the position.
In the following, we explore the directions of these effects in the context of the Chinese Wikipedia. Understanding how network position influences or predicts contribution behavior not only deepens our understanding of network theory; it also enables the design of interventions that could benefit both the editors and the collective product in general. For example, efforts could be taken to connect isolated editors to other parts of the collaboration network, increasing their closeness to other editors.
Although theoretical discussion leads to our speculation that editors' positions in the collaboration network influence their future contribution behavior, empirical studies about these these blockages, please refer to Zhang and Zhu [39] .
As a result of these blockages, editors from the Mainland China had no access to make additional edits to the articles on which they had collaborated. The blockages thus exogenously Forte et al. [16] describe how governance in Wikipedia is becoming increasingly decentralized as the community grows. This necessitates a network perspective in understanding editors' behavior in Wikipedia.
Variables and Empirical Models
To test the effect of the individual's structural position in the collaboration network on her contribution, we calculated empirical measures to identify the contribution behavior as a function of the network centrality and other covariates (control variables). The number of characters edited by editor i in period t.
Edit it
The number of times an editor i edited Wikipedia articles in period t.
Page it
The number of pages an editor i edited in period t.
Ratio_Con it
The ratio between editor i's contribution to articles that she created and her contribution to articles that other editors created with respect to Con it .
Ratio_Edit it
The ratio between editor i's contribution to articles that she created and her contribution to articles that other editors created with respect to Edit it .
Ratio_Page it
The ratio between editor i's contribution to articles that she created and her contribution to articles that other editors created with respect to Page it .
Degree it
The degree centrality of editor i at the beginning of period t.
Closeness it
The closeness centrality of editor i at the beginning of period t.
Betweenness it
The betweenness centrality of editor i at the beginning of period t.
Age it
The number of days from the first edit of editor i to the beginning of period t.
Cum_Con it Total number of characters editor i had edited by the beginning of period t.
Cum_Edit it
Total number of times an editor i had edited Wikipedia articles by the beginning of period t.
Cum_Create it
The number of pages an editor i had created by the beginning of period t.
Cum_Page it
The number of pages an editor i had edited by the beginning of period t.
Contributions to Wikipedia
As indicated in the hypotheses, we are interested in two aspects of editors' contribution, their total effort and the allocation of their effort as individuals. We construct six measures to describe the contribution behavior for each user i in period t. First, to measure the overall contribution to the platform, we count the total number of characters edited (Con it ), the total number of edits (Edit it ), and the total number of different pages edited (Page it ). These three measures capture different aspects of the contribution behavior. Comparisons between these aspects reveal the concentration of an individual's contributions. To correct for non-normality, we take the logarithm of these variables in the following empirical analyses.
Second, to measure the allocation of contribution, we calculate the ratio between the contribution to one's own pages and the contribution to pages created by others. Similar to the findings in Gleave et al. [19] , our preliminary data exploration suggests that there are distinctive patterns of contribution depending on whether the editor is the creator of a page (being the first to contribute to the page). Some recent studies also suggest that editors in Wikipedia take ownership of the pages that they focus on [39] . We designate the creator of a page based on the first edit of that page. We then differentiate between the editor's contributions to pages that she created and those to pages that others created. There are other ways of designating of ownership, and one may also allow "co-ownership" of a page. Wikipedia, however, does not officially designate any kind of ownership to its pages. As a result, our objective of an ownership definition is to capture the fact that an editor is more psychologically committed to a group of articles, while avoiding a rhetorical definition that relies too much on contribution patterns.
Based on our definition of ownership, we calculate the ratio between the contribution to editors' own pages and the contribution to others' created pages with respect to the number of characters edited (Ratio_Con it ), the total number of edits (Ratio_Edit it ), and the number of pages edited (Ratio_Page it ). Editors who focus mainly on their own pages (having a higher value of the ratios) act as soloists and maintain the pages for which they have expertise. In contrast, editors who contribute more to the pages others created (having a lower value of the ratios) are collaborators who value the overall quality of articles in Wikipedia. Although both types of contributors are important to the sustainability of Wikipedia, the respective roles taken by the individual contributors have different implications. Content creators are of fundamental importance to enriching the coverage of the online encyclopedia, while editors engaging in editorial work help improve the accessibility of the article to a general audience and are, therefore, critical to maintaining a high quality of presentation.
Network Centralities
As discussed earlier, degree centrality (Degree it ) is defined as the focal editor's number of collaborations normalized by the size of the network. Closeness centrality (Closeness it ) is defined as the inverse of the average distance between the focal editor and others in the network.
Betweenness centrality (Betweenness it ) is defined as the number of times that the focal editor lies on the shortest path between a pair of other editors divided by the number of all possible pairs of editors. All measures are calculated with Pajek.
The blockage of the Chinese Wikipedia in the Mainland China removed some editors from the collaboration network. As a result, centrality measures in the periods after the blockage are calculated based on the network composed of editors that were unaffected by the blockage.
As collaboration networks are constructed based on co-editing behavior, an editor's contribution behavior also influences her network position. We use a temporal sequence of events to alleviate the concern for any reverse causal relationship and calculate centrality measures at the beginning of each period. It is common to use a temporal sequence to ensure the direction of the casual chain in a situation where there is a loop of causal links [40] .
Other Controls
We measure the experience of an editor, i, by the number of periods that the editor had been active (Age it ) before period t. To control for the influence of previous contributions, we calculate the cumulative number of characters edited (Cum_Con it ), the cumulative number of edits (Cum_Edit it ), the cumulative number of pages edited (Cum_Page it ), as well as the cumulative number of pages created (Cum_Create it ) before period t.
Summary statistics of these variables are reported in Table 2 . We focus on the period between 2004 and 2007 to allow for initial diffusion. In total, we have 81,606 observations over 12 periods (quarters). On average, editors in our sample before the blockage (after the blockage) made 13 (17) revisions on 4.90 (6.30) pages and modified over 3,000 (4,300) characters per period. There is significant variation in contributions across both periods and individuals (as reflected by the standard deviation). The average degree centrality is low, which indicates that the network is relatively sparse; editors collaborate with only a few others, although the total number of contributors is large. The average distance between any two editors is short, however, as indicated by the closeness centrality measures. These characteristics resemble small-world networks [42] . It has been shown that such networks, which are commonly observed in social contexts, are robust to the removal of nodes. We estimate the following model:
As discussed, we consider the six measures of the contribution behavior, including the total edits, number of edits, and number of pages edited, as well as the ratio between edits to own pages and total edits. In the natural experiment model above, captures the average impact on the contribution behavior brought by the shock [44] , while 's capture the effects of network position. The network positions were measured at the beginning of each period to control for the direction of the causal relationship.
Panel Regression Model
To corroborate our findings from the above model based on the natural experiment, we also conduct a panel regression analysis with data before the blockage (periods 1-7). Again, the dependent variables are the measures of contribution behavior as defined previously, and the network-centrality measures are used as independent variables. In the natural experiment model, individual-level factors are removed by differencing. Controlling for individual-level unobserved effects is achieved in the panel model by introducing fixed-effects (within estimator). Compared to the natural experiment model, the panel regression covers a longer period. It is thus more tolerant to unobserved changes that could have taken place together with the blockage that we leverage in the natural experiment design. In summary, although the fixed-effect approach provides weaker controls for the unobservable individual-level factors, it is more robust against random shocks. Confidence in the robustness of the findings as well as additional insights could be gained by comparing the results from these two empirical methods (and the two samples).
The following models are estimated.
Here, 's are the individual fixed effects representing unobserved editor characteristics. Z it includes the control variables (cumulative contribution and editors' experience).
6. Results
Natural Experiment Model
Estimation results of the natural experiment model are reported in Table 3 . The effect of degree centrality is negative on total contribution. The marginal effects of degree centrality on the total contribution (Model 1), number of edits (Model 2), and number of pages edited (Model 3) are -3.44 (p < 0.1), -4.13 (p < 0.01), and -3.95 (p < 0.01), respectively. When an editor gets more collaborators, she decreases her own effort and free-rides others' efforts on the articles. It appears that the effect of degree centrality on effort allocation is not significant (in Models 4, 5, 6), which means there is no statistically significant shift in effort allocation associated with changes in degree centrality. Our finding with respect to degree centrality indicates that the editor decreases her contribution to both her own articles and articles created by others when she connects to more collaborators in Wikipedia. 6 This finding confirms the prediction of network-game models indicating that individuals may free-ride the efforts of their peers and apply less effort when there are more collaborators. Comparing coefficient estimations from Models 1, 2, and 3 further reveals that as an editor's degree centrality increases, her contribution per edits as well as edits per page all increase, indicating that she is less likely to make minor changes. In this model, we regress the change in contribution level on the change in network centralities as a result of the blockage of editors from Mainland China. Standard errors are shown in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1 Closeness centrality has consistent negative effects on both the total contribution and allocation of efforts to self-created pages. The marginal effects of closeness centrality are -6.57 (p < 0.01), -2.44 (p < 0.01), and -1.60 (p < 0.01) in Models 1, 2 and 3, respectively. As an editor gets closer to the others, she becomes more prominent in the collaboration network. The social capital accumulated in the collaboration network makes it more likely that she gets help from others, which gives her the incentive to free-ride and decrease her own total contribution. Meanwhile, as she gets nearer to the other editors in the network, it becomes more likely that she finds articles not created by her, towards which she can make additional contributions. This means that she concentrates less on her own articles, which is supported by the estimates of the marginal effects of closeness centrality on Ratio_Con it (-0.16, p < 0.01), Ratio_Edit it (-0.82, p < 0.01), and Ratio_Page it (-0.72, p < 0.01). From a role-taking perspective, it appears that an editor of high closeness centrality takes the collaborative role as a facilitator. The structural capital accumulated through closeness reduces her total contribution. Meanwhile, because of the substitutive effort exerted by the others, an editor who takes this role extends her contribution to articles created by others and helps improve the overall quality. In doing so, it appears that she also makes fewer changes per edited page, which can be seen by comparing the estimates from . When an editor becomes structurally critical in bridging collaborative connections, she increases her contribution, while at the same time focusing more on her own pages. One interpretation of this finding is that when an editor is positioned on structural holes, she will be exposed to diverse sources of information, which leads her to keep improving the quality of the pages that she created and find new areas that deserve coverage.
To summarize, the estimation results of the natural experiment model support the effect of network position on both total contribution in the Total Contribution Hypothesis (H1) and on effort allocation in the Effort Allocation Hypothesis (H2). Comparing the estimates of different centrality measure reveals that each centrality measure has a unique influence pattern, which confirms our prediction in the Differential Effect of Centrality Measures Hypothesis (H3).
6.2
Panel Regression Model The results of the panel regression model are reported in Table 4 . These results convey a very similar picture of the effects found in the natural experiment model, except we now find that degree centrality has a significant positive effect on effort allocation measures. Specifically, the marginal effects of Degree it on Ratio_Con it , Ratio_Edit it , and Ratio_Page it are 0.78 (p < 0.05), 2.02 (p < 0.01), and 0.90 (p < 0.01)), respectively. This indicates that having more collaborators induces an editor to focus more on her own articles. An editor is more likely to allocate the contribution to articles for which she has expertise and wait for or free-ride on others to contribute to the other articles, about which she has less expertise, as she gets more collaboration. Through broader collaboration, an editor will take the role of a content expert who concentrates on her own area of expertise. To support this explanation, we further include a variable, Expertise it , that measures average edits per page edited (Expertise it = Cum_Con it / Cum_Page it ) in the model for effort allocation. Estimation results suggest Expertise it positively correlates with effort allocation. In Table 5 , all coefficient estimates for Expertise it in Models 1, 2, and 3 are significant at 0.01. Confirming our interpretation that degree centrality is associated with expert status, after controlling for Expertise it , the effect of degree centrality on effort allocation turns out to be insignificant or negative. Expertise it 2 . 0 6 e -0 6 * * * 2 . 7 3 e -0 6 * * * 2 . 6 7 e -0 6 * * * ( 3 . 7 7 e -0 7 ) ( 4 . 7 4 e -0 7 ) ( 4 . 2 0 e -0 7 )
Degree it 0 . 4 5 4 -1 . 6 5 9 * * * -1 . 7 4 9 * * * ( 0 . 2 9 4 ) ( 0 . Betweenness it 1 . 7 1 3 * * 7 . 7 9 7 * * * 7 . 9 3 1 * * * ( 0 . 8 3 7 First, degree centrality represents the number of direct collaboration relationships. Our results suggest that degree centrality is negatively associated with total contribution. Meanwhile, editors with higher degree centrality focused more on the articles that they have created. For example, from Table 4 , the marginal effect of degree centrality on total number of edits (Edit it ) was -8.28
(p < 0.01), while its effect on the proportion of edits allocated to own articles was 2.02 (p < 0.01). Consistent with the prediction of network game theory, editors tended to free-ride on others' contributions when they have more collaborators. The potential to free-ride made them focus more on the articles they created and about which they have expertise. They tended to make more major edits as oppose to minor ones. This assertion is supported based on comparing estimates in Model 1 and Model 2 in Table 3 . In general, degree centrality was associated with the role of a content expert who makes major and focused contributions to Wikipedia.
Second, closeness centrality represents the average distance between an editor and the others in the collaboration network. Our estimation results suggest that an increase in closeness centrality reduces both an editor's total contribution and the focus on articles that she created.
When an editor has high closeness to others in the collaboration network, she is more likely to receive help from a diverse group of people on the articles, which reduces her total contribution as a result of having a good prospect to free-ride. For example, the marginal effect of closeness centrality on total contribution was -6.57 (p < 0.01) in Model 1 of Table 3 . Unlike in the case of degree centrality, it appears that editors reciprocated when they receive contributions from other editors on articles that they maintained by extending their contributions to other articles. In other words, editors seem to have focused less on their own articles as a result of an increase in closeness centrality. For example, the marginal effect of closeness centrality on the proportion of effort allocated to own articles was -0.16 (p < 0.01) in Model 4 of Table 3 . Our findings suggest that closeness centrality is associated with the role of a generalist who contributes to a diversity of articles while receiving help from others on articles that she created.
Finally, betweenness centrality represents the importance of an editor in bridging the collaboration ties in the network. Our estimates of the marginal effect of betweenness centrality in both Table 3 and Table 4 were positive and significant in general. An editor of high betweenness centrality is located on the structural hole of the collaboration network, and thus has access to diverse parts of the network. Our result suggests that an increase in an editor's betweenness centrality is associated with an increase in her total contribution. For example, the marginal effect of Betweenness it on Con it is 122.8 (p < 0.01) in Model 1 of Table 3 . It also suggests a concentration on articles that she created, as shown by the marginal effect of Betweenness it on Ratio_Page it of 2.61 (p < 0.01) in Model 3 of Table 3 . Having access to a diversity of editors enables learning, which contributes to the strengthening of expertise. It is also more likely for an editor with high betweenness centrality to find new areas that need coverage and create pages on those topics. Betweenness centrality is thus associated with the role of an expender who obtains expertise through learning from a diversity of editors and finds new areas for making contributions.
To our knowledge, this paper is among the first to document the differential effects of network positions, as described by different centrality measures, on contributions to online public goods.
Through a natural experiment and a panel data set, we found clear evidence of the differential effects of network position on contribution behavior, which confirms our theoretical predictions based on network game theory and the social role theories. Our findings further call for an extension in network theory for mass collaboration platforms on the Internet and within organizations. Although the theories of network games and the structural determination of social roles are informative for understanding mass collaboration in general, more specificity is needed for network theories about the organization of online collaborative projects. For example, our study has revealed that free-riding behavior not only reduces an editor's total effort, but also shifts her focus to articles that she created. In other contexts, such as OSS projects, where a project's success is more dependent on the contributions, competition for resources between different projects should play an even more prominent role. This paper has important implications for system designers and managers trying to take advantage of wiki platforms to harness the power of the crowd [28] . Given the voluntary nature of contributions, contributors value the social interactions. Consequently, the social structure of collaboration is critical to managing these sites. For site managers of Wikipedia and the like, understanding the structural implications of the collaboration network enables informed interventions on voluntary contributions. For example, key players in the network could be identified based on their network positions. Site managers not only can target promotion activities on increasing users' contributions, but they also can try to alter their positions in the collaboration network, which may eventually help them shape the right role perception and create sustaining contributions. As our knowledge about the structural implication of networked collaboration extends, more innovative programs and site designs could be implemented to release a network's potential. This paper is not without limitations. First, because of the current status of the theoretical literature and the limitations of our context, it is hard to pin down the exact mechanisms through which the network functions and whether the significance of each mechanism changes in other platforms. In general, network ties could be functioning as information channels or social bonds [7] . A position in the collaboration network is associated with both structural capital (access to resources) and structural constraints. Our study suggests that different aspects of a position may be associated with different mechanisms, and thus have differential implications on total contribution and effort allocation. Future research could extend the discussion and investigate the implication of network resources and network constraints in the emergence and stabilization of collaborative roles in online collaborative projects.
In this paper, we have focused on centrality measures. Although individuals' centralities in collaboration networks are important structural properties, other structural characteristics, such as the network's clustering and transitivity, also deserve investigation. For example, in this study we normalized the centrality measures with respect to the size of the whole network. In a sparse network, however, it may make more sense to normalize with respect to some local clusters.
Furthermore, theories about social capital, group identification, and social norms may provide additional insights about the collective and collaborative processes on mass collaboration platforms.
It is also important to notice that editors may have different levels of central sensitivity. While some editors have high social awareness and quickly adapt to new roles that are prescribed by their social position, others may be insensitive to the network environment and thus be slower in adopting new behavior patterns. In the current study, we focused our attention on the identification of the average effect of network position. Future studies could allow heterogeneity in editor sensitivity to social position and study its antecedents and consequences.
Last, although we choose the Chinese Wikipedia as our empirical context, it is imperative to extend the analysis to other online public goods contexts, such as Wikipedia in other languages, OSS, and content-sharing platforms. Extending the study of network structure to other contexts and comparing the results may reveal additional insights about the organization of mass online collaboration facilitated by modern information technologies.
